Reality-Based Interaction has been adopted in various domains and had emerged as one of the key issues in the field of Human-Computer Interaction. Many studies have focused on the feasibility and performance of the newly proposed interaction, rather than users' real desire or expectations for the new technology. This study attempted to draw the value structureusers have in their mindabout newly introduced interactions: voice command recognition, dialogue interaction, semaphoric gesture interaction, and deictic gesture interaction. We employed semantic network analysis to visualize the value structure ofthe four interactions and to identify the most significant keywords for each interaction based on in-depth interview data. We finallyidentified the differencesin the value structure between the four interactionsand elicited keywords for each interaction.
Introduction
Advances in technology and progresses in understanding of human cognition have been facilitated appearances of the new generations of interface which supports Reality-based interaction (RBI) [1] . Researchers have been trying to suggest frameworks, design principles, or guidelines of post-WIMP interfaces which aim to reflect the real world interfaces. However, there have been few attempts to investigate what kind of values could be provided by the technologically feasible interaction methods to users. To answer the question, we adopt a semantic network analysis which helps to identify a few most influential nodes in the network consisting of users' thoughts about a product or service by structuring the users' description on given issues into a graphical representation [2] .
Reality-Based Interaction
Jacob et al. suggested a framework, Reality-based interaction, which aims to combine emerging post-WIMP interaction techniques [3] . This study introduced 'desired qualities', such as expressive power, efficiency, versatility, ergonomics, accessibility, and practicality. The study claimed that the desired qualities invites design tradeoffs and demonstrated the different tradeoffs existing in the four case studies. The difference could be an evidence for an existence of different value a user might have toward the proposed RBI. They also noted that a useful interface should be able to meet user's expectations or desires for interacting with devices, rather than simply to mimic the real world. From this point of view, some researchers emphasized the need to consider and reflect user experience, emotions, or socio-cultural factors in the design of RBI [4, 5, 6, 7] . However, it is still vague if users have chosen to use a given interaction style, what would they expect from the experience or what would be the most important aspect in their experience to be 'intuitive' [8] .
Network Analysis and User Value
We used semantic network analysis to represent and to understand the user values for selected methods for reality-based interaction. Network analysis, in general, is a structured method focusing on patterns of linkages between nodes and offers a mathematical analysis and graphical representation based on empirical data [9] .
Semantic network analysis has been used in the study of communication to investigate semantic relations between concepts in texts [10] . In our research, we applied the semantic network framework onto the user research phase in product planning. The results of user interview were regarded as unstructured and qualitative data which were not able to provide quantitative analysis. Applying semantic network analysis is able to provide the quantitative importance of a variable in the network as well as macro and micro level of analysis [2] . Network analysis can also help to represent the overall structure of user value in an intuitive way [11] and to generate insights [12] and meaningful values that go beyond intent of the researchers [2] .
Network analysis consists of graphical visualization of the data and quantifying the structural properties, such as degree, closeness, betweeness, and eigenvector centrality. Measuring structural properties helps to Identifying Users' Perceived Values toward Reality-Based Interaction, using Semantic Network Analysis determine important nodes in the network, thus to identify the key values of users [2] . Degree centrality shows the numbers of simple connections a word has, while eigenvector centrality shows the numbers of connections to popular words, having lots of connections to other words. Betweenness centrality indicates a word acting as a broker, while closeness centrality indicates a word performing the geographic center of the network [13] .
Case Study
We conducted a case study on a 55-inch display which was equipped with systems enabling voice command recognition, dialogue interaction, semaphoric gesture interaction, and deictic gestures interaction. Voice command recognition enables users to control the machine via their own voice using the predefined command sets, while dialogue interaction provides experience of controlling the machine through natural dialogue composed with words, phrase, and sentences. Semaphoric gestures involve a stylized dictionary of static or dynamic hand or arm gestures and can serve as a universe of symbols to be communicated to the machine [14] . Deictic gestures involve pointing to establish the identity or spatial location of an object within the context of the application domain [15] .
The procedure of this study can be explained by three phases: 1) collecting interview data, 2) transforming raw data into structured data, and 3) visualizing and analyzing the semantic network.
In-depth interviews were performed with 10 participants (5 males and 5 females) aged 20-30 years, which aims to understand the user value on the four interaction styles: voice command recognition, dialogue interaction, semaphoric gesture interaction, and deictic gesture interaction. Prior to the interview, participants had an opportunity to experience the four interactions. During the interview session users were asked to perform a series of mission for each interaction, and then repeatedly asked to describe their preference, impression, and thoughts about the tested interaction.
Second step was to derive the keywords related to the four interactions and to identify linkages between keywords. We obtained 3622 words by separating each sentence from the user interviews using Korean morphological analyzer, KKMA [16] . Based on the similarity between words, we grouped the words into 387 keywords. The connection between keywords was defined when the 'word 1' is the description of 'word 2' or is the cause of 'word 2'.
Third step was to visualize structural data and to analyze user value using UCINET 6.0 and Netdraw 2.0 [17] .The study concentrated on comparing the key value in the network based on eigenvector centrality. Eigenvector centrality shows how many times a keyword is connected with highly interactive keywords of the network. Eigenvector centrality is defined as: v=Av Where A is a relation matrix of the network, λ is a constant, and v is an eigenvector [13] .
Results and Discussion
In Figure 1, 2, 3 and 4 the nodes represent keywords from the interview and the ties show a connection between two words. The cutoff value was 3 for easy-toview illustrations. Table 1 Figure 1 describes that 'convenient' is the core value when interacting via voice command recognition. In Table 1 , 'convenient', 'device', and 'independent' have the highest eigenvector centrality normalized value of 79.09, 67.56, and 60.40, respectively. This means users expect voice command recognition would provide convenience and work well regardless of device types. Table 1 , 'error-free', 'convenient', and 'repetitive' have the highest eigenvector centrality normalized value of 73.38, 50.79, and 47.18, respectively. This means that the users prioritize 'errorfree' which ensures minimal repetition over other keywords in dialogue interaction. Figure 2 . Visualization of semantic network on dialogue interaction Figure 3 shows that 'fun' and 'physical fatigue' are the core values when interacting via semaphoric gesture interaction. In Table 1 , 'fun', 'physical fatigue', and 'interaction style' have the highest eigenvector centrality normalized value of 67.22, 57.58, and 49.14, respectively. This can be interpreted that users want to have fun without fatigue when they experience semaphore gesture interaction. Figure 4 shows that 'familiar' is the core value when interacting via deictic gesture interaction. In Table 1 , 'familiar', 'accurate', and 'learnability' have the highest eigenvector centrality normalized value of 69.76, 66.27, and 65.19, respectively. This means users expect deictic gesture interaction to provide familiarity and to work accurately without any special efforts. 
Conclusions
Despite the growing need to reflect user value in the design of RBI, there is no specific attempt to investigate what users really want and expect from RBI. This study tried to understand the value structure on the four types of interactions including speech and gesture interaction, and revealed the most significant value related to each interaction using semantic network analysis. The results showed that users seek a different value depending on interaction styles. We are currently analyzing the network data in terms of other structural properties and how the value from each interaction relates to specific technical elements of interaction design. We expect this study could facilitate to systemically identify relevant user values for RBI and to design RBI in accordance with the value structure of each interaction.
